IMPORTANCE Atopic dermatitis (AD) is a chronic inflammatory skin disease associated with numerous psychiatric comorbidities. However, the association between AD and suicidality has not been well established.
A topic dermatitis (AD) is an inflammatory skin disease affecting 18 million adults (7.2%) and 9.6 million children (13.0%) in the United States. 1, 2 It is a chronic illness, and patients may have the disease for many years. 3 Atopic dermatitis is associated with multiple physical comorbidities, such as asthma, allergic rhinitis, metabolic syndrome, and sleep disturbances, which all contribute to the overall physical burden of the disease. 4 Many patients with AD have a profound psychosocial burden. Because of the visibility of the disease, patients may experience shame, embarrassment, and stigmatization. 5 Children with AD perform significantly worse in academics compared with healthy children. 6 Adults with AD perform significantly worse at work and have fewer job opportunities compared with healthy adults. 7 Atopic dermatitis has been associated with depression and anxiety. [8] [9] [10] However, the evidence for an association between AD and suicidality is inconclusive. Suicidality encompasses the following 3 components 11 :
suicidal ideation, suicide attempts, and completed suicides. Suicidal ideation refers to having thoughts of or planning for suicide. Suicide attempts refer to acts of attempting suicide where the individual survives. Completed suicides refer to successful suicide attempts that lead to patient death. Suicidality is a major health concern that requires greater attention. Suicide is the second leading cause of death among adolescents and the tenth leading cause of death among all Americans, with the death toll reaching almost 45 000 annually. 12, 13 Even more concerning is the rising suicide rate, 12 increasing from 11.27 suicides per 100 000 people in 2007 to 13.20 suicides per 100 000 people in 2016. There is a gap in the literature regarding suicidality in patients with AD. This systematic review and meta-analysis performed in an academic medical setting aimed to synthesize the available literature to elucidate the association between AD and suicidality.
Methods

Search Strategy and Study Inclusion
We performed a systematic review and meta-analysis in accord with the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline to investigate the association between AD and suicidality. The protocol for this study was registered in the PROSPERO database (CRD42018105291), an international prospective register of systematic reviews. To perform our search, we used PubMed, Embase, PsycINFO, and Cochrane databases. May 25, 2018 . The initial search resulted in a total of 230 articles ( Figure 1 ). Duplicate articles were eliminated, resulting in a total of 206 articles. Two of us (J.K.S. and K.K.W.) independently reviewed the titles and abstracts of the 206 articles to determine eligibility for our systematic review and meta-analysis. Inclusion criteria were as follows: English-language articles; primary investigations; observational or controlled studies; patients of any age; study population identified as having a specific diagnosis of AD, atopic eczema, or eczema; suicidality as a primary or secondary end point; documentation of suicidality via medical records, survey, or questionnaire; suicidality studied in relation to AD; and outcome measures reported. Case reports and case series were excluded. In the process of reviewing these titles and abstracts, we identified an additional 7 articles by manually searching the reference lists. There were 28 articles that met our criteria based on their titles and abstracts.
After reviewing titles and abstracts, 2 of us (J.K.S. and K.K.W.) independently reviewed the entirety of the 28 fulltext articles to further assess eligibility. A total of 13 studies were excluded for the following reasons: nonspecific diagnosis of AD (n = 5), outcome measures not reported (n = 4), suicidality not evaluated in patients with AD (n = 3), and conference paper with duplicate abstract (n = 1). At the conclusion of our search, we identified 15 eligible studies to include in our systematic review and meta-analysis.
Data Extraction
Two of us (J.K.S. and K.K.W.) independently extracted data and performed the systematic review and meta-analysis. Any discrepancies were reviewed with another of us (A.W.A.) and resolved among 3 of us (J.K.S., K.K.W., and A.W.A). For each study, the reviewers recorded study year, study setting, country of study origin, study design, number of individuals with AD, number of individuals with AD with suicidality, number of controls, number of controls with suicidality, and the demographic characteristics (age and sex) for both the AD and control groups ( Table 1 and Table 2 ). The reviewers recorded data on suicidal ideation, suicide attempts, and completed suicides among patients with AD. In addition, the reviewers recorded the
Key Points
Question Is there an increased risk of suicidality among patients with atopic dermatitis?
Findings In this systematic review and meta-analysis of 15 studies and 310 681 patients with atopic dermatitis, patients with atopic dermatitis had a 44% increased odds of suicidal ideation and a 36% increased odds of suicide attempts compared with patients without atopic dermatitis.
Meaning According to the results of this study, patients with atopic dermatitis are at significantly greater risk of suicidal ideation and suicide attempts. It is important for dermatology providers to be aware of this increased risk in patients with atopic dermatitis, monitor for suicidality, and make appropriate referrals to mental health professionals.
instruments used to measure suicidality and the measure of association (hazard ratio [HR], odds ratio [OR], or risk ratio [RR] ) for the association between AD and suicidality. The reviewers performed quality assessment using the Newcastle-Ottawa Scale (NOS) for observational studies. 29 
Meta-analyses
The following 2 meta-analyses were conducted to assess 2 aspects of suicidality in patients with AD: (1) suicidal ideation and (2) suicide attempts. We were unable to perform a separate meta-analysis for completed suicides because of the paucity of available data. A total of 11 studies were included in the suicidal ideation meta-analysis, and a total of 3 studies were included in the suicide attempts meta-analysis. Studies were excluded from the pooled analysis if an unadjusted OR was unable to be attained from the article itself or through calculation using the study data. One study 16 was excluded from the meta-analysis because the suicidality data of the control group were not representative of the general population. For the meta-analyses, we calculated the pooled ORs for suicidal ideation and suicide attempts using the unadjusted ORs that were either provided by the study or calculated using data from the study. We used the random-effects model by DerSimonian and Laird to obtain the pooled ORs and account for any study heterogeneity. studied both adults and children, and 3 articles 14, 15, 19 did not report the age of the participants. The study locations included North America (n = 1), Europe (n = 6), Africa (n = 1), and Asia (n = 7) ( Table 1 ). There were 13 cross-sectional studies and 2 cohort studies. Of a maximum of 10 points for cross-sectional studies, NOS scores ranged from 5 to 8. Of a maximum of 9 points for cohort studies, NOS scores ranged from 6 to 8 (Table 1) . Suicidality was evaluated using a variety of assessment tools, including the Carroll Rating Scale for Depression, Diagnostic and Statistical Manual of Mental Disorders (Fifth Edition) (DSM-5) Questionnaire, German Pöldinger Scale, Beck Depression Inventory, Primary Care Evaluation of Mental Disorders, medical records, mortality records, and various other questionnaires. In 5 of the studies that did not report any measure of association, we calculated the unadjusted ORs using the data provided by the study. Measures of association for each study are listed in Table 2 .
Suicidal Ideation
Based on our meta-analysis pooling data from 11 of 14 studies investigating suicidal ideation, we found that patients with AD were significantly more likely to experience suicidal ideation than those without AD ( Figure 2A ) (pooled OR, 1.44; 95% CI, 1.25-1.65). Three studies were excluded from the metaanalysis for the following reasons: (1) suicidality data of the control group were not representative of the general population (n = 1) 16 and (2) the unadjusted ORs could not be calculated with the data provided (n = 2). 19, 23 A symmetrical funnel plot ( Figure 3A and an insignificant Egger regression test (P = .23) suggest limited publication bias among these studies.
Suicide Attempts
Based on our meta-analysis pooling data from 3 of 5 studies investigating suicide attempts, we found that patients with AD were significantly more likely to attempt suicide than patients without AD ( Figure 2B ) (pooled OR, 1.36; 95% CI, 1.09-1.70). Two studies 21,23 were excluded because an unadjusted OR could not be calculated with the data provided. A symmetrical funnel plot ( Figure 3B ) and an insignificant Egger regression test (P = .90) suggest limited publication bias among these studies.
Completed Suicides
Two studies 17, 27 in our systematic review and meta-analysis investigated the prevalence of completed suicides among patients with AD. Singhal et al 17 reported a higher risk of completed suicides in their AD group compared with a control group (RR, 1.4; 95% CI, 1.1-1.8). The number of completed suicides in the control group was not reported; therefore, an unadjusted OR could not be calculated for the meta-analysis. In contrast to the findings 
Suicidality With Greater Disease Severity
Two studies in our systematic review and meta-analysis investigated differences in suicidality with greater AD severity. Kimata 16 b Calculated using the Newcastle-Ottawa Scale for cohort studies. Table 1) . Because of the rarity of suicides, sufficiently large sample sizes followed up over long periods may be needed to detect differences in suicide rates between patients with and without AD. The physical and psychosocial burden of AD may contribute to the observed increased risk of suicidality. Patients with uncontrolled AD may experience debilitating symptoms of pruritus, burning, and pain of the skin. 30 Furthermore, sleep loss caused by pruritus has been shown to increase risk of suicidality in patients with AD. 31-34 Psychosocial factors, such as the stigmatization and shame experienced from their disease, 5 and impairment of school 6 or work 7 performance may also contribute to the increased risk of suicidality seen in patients with AD. Atopic dermatitis is associated with an increase in proinflammatory cytokines, which may have a role in the pathogenesis of suicidality in patients with AD. 35 Higher levels of proinflammatory cytokines in the central nervous system may alter serotonin metabolism, thereby disrupting the balance of neurotransmitters in the brain. 36, 37 In a study 38 of cytokine levels in the cerebrospinal fluid, higher levels of proinflammatory cytokines were detected in the cerebrospinal fluid of patients who attempted suicide, further implicating cytokines in the pathogenesis of suicidality. Treatments targeting cytokines, such as interleukin 4 and interleukin 13, have been shown to decrease symptoms of depression and anxiety in patients with AD. 39 By addressing the physical burden, psychosocial burden, and chronic inflammatory state of AD, we can work toward reducing suicidality in patients with AD. Some studies in our systematic review and meta-analysis assessed subpopulations of patients with AD, including children (<18 years old) and patients with greater disease severity. The results of one study 25 investigating pediatric patients with AD suggested a significantly higher risk of suicidal ideation and suicide attempts compared with healthy pediatric patients. In another study, 22 higher risk of suicidal ideation and suicide attempts was only seen in female pediatric patients after sex stratification. Young girls tend to report greater dissatisfaction with appearance and lower self-esteem than young boys, which can contribute to the risk of suicidality seen specifically in female pediatric patients with AD. 40, 41 In studies 16, 27 comparing patients with mild AD vs patients with moderate to severe AD, patients with moderate to severe AD were found to have a higher prevalence of suicidal ideation but not completed suicides. Greater disease severity of AD is associated with increased sleep loss, more severe pruritus, and higher depression and anxiety rates, which can all contribute to more suicidal ideation. 42 Despite these findings, there is a shortage of studies investigating subpopulations, and more studies are needed to better understand these associations.
Strengths and Limitations
This systematic review and meta-analysis should be interpreted in the context of the strengths and limitations of the studies reviewed. While true differences among individual studies likely introduced heterogeneity, additional heterogeneity was likely evident because of the use of a multitude of instruments. Such instrument-related heterogeneity may be larger in studies using less validated questionnaires in contrast to studies using validated and more psychometrically sound instruments. The random-effects model by DerSimonian and Laird was used in our meta-analyses to account for heterogeneity. However, because a large number of different instruments was used among a small number of studies, we were unable to discern the amount of heterogeneity that resulted from the differences in study instrumentation and the amount of heterogeneity that resulted from true differences in individual study results. Some studies included control groups of patients with other medical conditions, which may have confounded their results. A number of studies were uncontrolled or did not report values of their control group, which prevented us from including these data in our meta-analyses. In addition, few studies investigated the prevalence of completed suicides among patients with AD vs controls. Monitoring for suicidality in patients with AD is crucial to improving patient outcomes. Dermatology providers may use several tools to screen patients with AD for suicidality. Asking patients about suicidal ideation with a question (eg, "Do you have any thoughts of killing yourself ?") may be integrated into a patient visit. In addition, the Patient Health Questionnaire-2 is a validated questionnaire that can be used to screen for dysphoria and anhedonia with the following question: "Over the past 2 weeks, how often have you been bothered by any of the following problems? (1) little interest or pleasure in doing things and (2) feeling down, depressed, or hopeless." 43 If the patient screens positive on the Patient Health Questionnaire-2, dermatology providers should subsequently ask the following 2 questions to assess for suicidality: "Do you ever think about ending your own life?" and "Do you currently have a plan to commit suicide?" 44 More comprehensive questionnaires, such as the Columbia-Suicide Severity Rating Scale, 45 may also be administered, but the length of that questionnaire may limit its use in clinical practice. If a patient screens positive for suicidality, the dermatology provider should send a referral to the patient's primary care or mental health provider for follow-up care. If the patient reports an orchestrated plan to commit suicide, this patient should be urgently referred to the emergency department for further assessment. In nonemergent situations, dermatology providers may provide resources to the patient, such as suicide awareness brochures and the US National Suicide Prevention Lifeline phone number (1-800-273-8255), a hotline providing emotional support to people in suicidal crises.
Conclusions
This systematic review and meta-analysis found that patients with AD are at a significantly increased risk of suicidal ideation and suicide attempts. It is important for dermatology providers to be aware of this increased risk in patients with AD, monitor for suicidality, and make appropriate referrals to mental health professionals.
